To identify the prevalence and related factors for vitamin D deficiency in the patients who admitted to the medical intensive care unit (ICU) of a Korean tertiary care hospital. Methods: We retrospectively analyzed the data from ICU patients requiring mechanical ventilation (MV) for a period of > 48 h to identify the prevalence and associated factors for vitamin D deficiency. Vitamin D deficiency was defined as serum 25-hydroxyvitamin D [25(OH)D] level < 20 ng/mL. Results: Among 570 patients admitted to the ICU, 221 were enrolled in the study, 194 in the vitamin D deficient group and 27 in the non-deficient group. Prevalence of vitamin D deficiency in critically ill patients was 87.8%. The patient age was lower in the vitamin D deficient group compared with the non-deficient group (64.4 ± 15.4 vs. 71.0 ± 9.6 years, p = 0.049). A higher acute physiology and chronic health evaluation II (APACHE II) score (odds ratio [OR] 1.23, 95% confidence interval [CI] 1.10-1.37) and chronic illness (OR 3.12, 95% CI 1.08-9.01) were associated with vitamin D deficiency after adjusting for age and body mass index. Clinical outcomes of duration of MV, ICU stay, and 28-and 90-day mortality rates were not significantly different between the vitamin D deficient and nondeficient groups. Conclusions: Vitamin D deficiency was common in critically ill patients, particularly among younger patients. Higher APACHE II score and chronic illness were associated with vitamin D deficiency.
Introduction
Vitamin D deficiency is common in critically ill patients and associated with a variety of poor clinical outcomes, including increased in-hospital mortality, prolonged intensive care unit (ICU) stay, blood stream infection, and prolonged use of mechanical ventilation (MV). [1] [2] [3] [4] [5] [6] Among critically ill patients requiring MV support, reducing the durations of both MV and ICU stays is important for improving clinical outcome. Understanding the prevalence and predisposing factors related to vitamin D deficiency is therefore important for improving outcomes in critically ill patients.
Vitamin D affects a wide range of biological processes, including cell proliferation and differentiation, regulation of inflammation, immunomodulation, muscle strength, in addition to bone formation and electrolyte homeostasis. [7] Clinical outcomes associated with vitamin D deficiency include resistance to infection, cardiovascular disease, cc This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
Materials and Methods

1) Patients and study design
This retrospective observational study reviewed the medical records of critically ill patients who were admitted to the ICU between January 2012 and October 2014.
Patients were included if they met the following criteria: 
2) Measurement of serum vitamin D concentration
Blood samples were obtained within 24 h of ICU admission. Serum circulating 25(OH)D level was measured using a chemiluminescent immunoassay at the Green Cross Laboratory (Daegu, Korea).
3) Statistical analysis
Descriptive statistics included frequencies and percentages for categorical variables and means and standard deviations for continuous variables. Continuous variables were analyzed using a t-test or Mann-Whitney U test as appropriate; categorical variables were analyzed using a χ 2 or
Fisher's exact test. Multivariable logistic regression models were fitted to identify associated factors of vitamin D deficiency. The odds ratios (ORs) for vitamin D deficiency were estimated after adjusting for potential confounders.
Data were analyzed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA). All tests were two-tailed, and a pvalue < 0.05 was considered statistically significant. Data were presented as mean ± standard deviation.
4) Ethics statement
This study was approved by the Yeungnam University Hospital Institutional Review Board. All patient data and information were confidential.
Results
1) Baseline characteristics
A total of 570 patients were admitted to the medical ICU for the period of the investigation, of whom 227 had serum vitamin D level results. Six patients were excluded due to use of MV for < 48 h, resulting in a final study cohort of 221 patients (Fig. 1) .
The baseline characteristics of the enrolled patients are shown in Table 1 . The age of the enrolled patients was 65.2 ± 14.9 years, and 67.4% (149/221) were male. The serum vitamin D concentration was 11.8 ± 7.9 ng/mL, vs. 16 ± 4, p < 0.001) were significantly higher in the vitamin D deficient group than in the non-deficient group.
The vitamin D deficient group also had more comorbid conditions such as diabetes and renal disease compared with the non-deficient group, although these differences did not reach statistical significance (Table 1 ).
Average serum vitamin D level was the lowest among patients in their 30s (7.0 ± 3.5 ng/mL; Table 2 ). Mean serum vitamin D level was higher in patients > 50 years of age than in those < 50 years of age (12.4 ± 8.0 vs. 8.9 ± 6.8 ng/mL, p = 0.016).
2) Associated factors of vitamin D deficiency
A weak correlation was observed between serum vitamin D level and APACHE Ⅱ score (r 2 = 0.18, p < 0.001).
Younger age, higher BMI, and APACHE II score were significantly associated with vitamin D deficiency based on simple logistic regression analysis. On multivariable analysis using the logistic regression method, a high APACHE II score (OR 1.23, 95% confidence interval
[CI] 1.10-1.37, p < 0.001) and underlying comorbidity (OR 3.12, 95% CI 1.08-9.01, p = 0.036) were identified as independent predictors of vitamin D deficiency at ICU admission (Table 3) . 
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